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The limited number of Langer hans cells (LC) in human 
epidermis and the resultant technical difficulties have 
left open the question of LC kinetics. In the present 
study using flow cytometry (FCM) we have applied 3 
me thods to estimate LC-DNA distribution: (1) FCM-
DNA measurement on highly enriched LC suspensions, 
(2) FCM-correlated analysis of DNA and OKT-6(+) cells 
in total epidermal cell suspensions, (3) LC-enriched sus-
pensions (70-90%) were F ACS (fluorescence-activated 
cell sorter) sorted on microscopic slides, and stained 
with the Feulgen technique, and DNA was measured 
densitometrically. In the latter method, contaminating 
keratinocytes were counterlabeled with antikeratin 
serum to e liminate them from LC-DNA estimation. 
All 3 in vitro analyses clearly showed that human LC 
are a cycling cell population in the epidermis. The num-
ber of LC in S (1.3-3.3%) and G2/M (1.0-2.5%) phase 
compares with those found for keratinocytes. Assuming 
that this percentage of keratinocytes in S and G2/M 
phases is sufficient to maintain the structura l integrity 
of the epidermis, it was su ggested that LC may represent 
a stable, self-reproducing cell population in normal ep-
idermis. 
Con s idera bl e advances have been made during recent years 
in the understanding of t he potentia l role of Langerhans cells 
(LC) in t he immunology of t he skin . W e now know t hat L C 
rep resent t he most perip he ra l outpost of t he immune syste m 
[1] . They exp ress class II antigens a nd ca rry recep tors fo r t he 
Fe portion of l gG a nd seve ra l complement co mponents [2- 4]. 
They a re necessa ry for t h e ep idermal cell -induced a utologous 
and a ll oge ne ic T -ce ll activat io n and for t he ge ne ration of epi-
dermal ce ll -induced cytotox ic T -cell responses [5- 8 ] . LC a lso 
appear to be importa nt in t he inductio n of contact hyperse n -
s itivi ty a nd graft rejection [9- 11]. 
Reco nstitutio n experime nts in letha lly irradiated subjects 
have s hown t hat LC originate from the bo ne marrow both in 
mice (12- 13] a nd in hum a ns [14]. H owever, t he q uestion as t o 
whethe r t he pe rs isten ce of LC in the epidermis is due to 
permanent immigr ation o f bone m arrow cells into the epide rmis 
or results from self replication, rem a ins unans we red . 
The li mited number of LC (1- 2%) in t he ep ide rmis a nd the 
resulta n t tec hnica l difficu lt ies have not he lped to resolve t his 
question. 
In t he present study, flow cytometry (F CM ) was used to 
dete rmine whethe r LC in norma l huma n ep idermis represent a 
cycling o r noncycling ce ll populatio n . 
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Abbreviations: 
DMEM: Dulbecco's modified Eagle's medium 
EC: epidermal cell(s) 
FACS: fluorescence-activated ce ll sorte r 
FCM: flow cytometry 
F ITC: fluorescein isothiocyanate 
LC: Langerhans cell(s) 
LP: long pass (fi lte r) 
MCAB: monoclonal ant ibody 
P I: propidium iodide 
SP: short pass (fi lter) 
MATERIALS AND METHODS 
Epidermal Cells (EC) Isolation and LC Labeling 
Normal huma n EC were obtained after trypsi nization from surgical 
skin specimens as previously desc ribed [15]. Keratotome slices were 
incubated at 37"C in 0.25% t rypsin (G ibco, Grand Island, New York) 
for 45 min, washed in phosphate-buffered saline (PBS) , and t ransferred 
to Dulbecco's modified Eagle's medium (DMEM), and supplemented 
with 15% fe ta l calf serum plus antibiot ics. The epidermis was sepa rated 
from the dermis using 2 scalpels and any additional EC were released 
in to the medium by agitation of the dermis and epidermis between the 
scalpel blades. Suspended cells were fil te red through sterile gauze, 
concent rated by centrifugation, resuspended in PBS, and processed for 
specific LC staining. 
OKT-6 monoclonal antibody (MCAB) (Ortho, Ra ri tan, New Jersey) 
has previously been shown to react with 70% of human intrathymic 
lymphocytes and specifically with epidermal LC [16]. EC were incu-
bated with OKT-6 MCAB diluted 1:50 for 30 min at 4"C. Secondly, 
fl uorescein isothiocyanate (FITC)-conjugated goat ant imouse IgG 
(Tago, Burli ngame, Cali fornia) was used in a 1:30 dilution for 45 min 
at 4"C. 
DNA Staining 
In a first group of experiments, enriched LC suspensions obtained 
by FACS (fluorescence-activated cell sorter) sorting (1-2 X 105 cells) 
were stained with ethidium brom ide using a modification of Vi ndelov's 
procedure [17]. Briefly, LC-enriched suspensions were resuspended in 
2 ml of 0.1% Triton X-100 solut ion (Merck, Darmstadt, F .RG.) and 
subsequently 0.2 ml of 1% RNase (Sigma, St. Louis, Missouri) a nd 0.1 
ml of ethidium bromide (0.2 mg/ml) were added. After 10-min incuba-
tion at 4 ·c. fo llowed by equilibration to room temperature, the cells 
were processed for DNA analysis by FCM. 
In a second group of experiments we used a method recently de-
scribed by Braylan et al [18] for the correlated analysis of cellula r 
DNA, membrane a ntigens, and light scattering. Briefly, total EC sus-
pensions with OKT-6 and FITC- labeled LC were t reated wi t h 50% 
ethanol (v/v) and stored at 4"C for 1 h. After extensive washing with 
PBS, EC were resuspended in 250 Ill RNase (500 U/ml) solu tion in 
sodium citrate buffer, pH 8.4. Afte r a 30-min incubation at 37"C, an 
equal volume of 50 Jlg/ ml of propidium iodide (PI) (Sigma) in sodium 
cit rate buffer was added and incubated for a furt her 30 min at room 
temperature. Prior to FCM DNA measurement, EC were vortexed 
vigorously to disassociate clumps which often appear afte r ethanol 
fixati on. 
In a third group of experiments, LC-enriched suspensions were 
directly F' ACS sorted on microscopic slides (2- 3 x 10' cells/slide). After 
drying at room temperature for 30 min, t hey were fixed and stained for 
DNA (directly on the slides upon which t hey were plated) using Feulgen 
reaction with optimal hydrolysis by 5 N HCl at 20"C for 30 min. In 
each case, the tota l EC and LC-enriched suspensions were prepared. 
To limit DNA analysis to LC only in LC-enriched suspensions 
contaminated with keratinocytes, the keratin counterstaining proce-
dure of t he latte r was performed. Briefly, Feulgen-stained cells were 
treated on the slides with antihuman keratin serum produced in rabbit 
(Biosoft, Paris, France) diluted 1:50 for 30 min, fo llowed by peroxidase-
conjugated swine antirabbit serum (DACO, Denmark) and revealed 
with 4-chloro-1-naphthol. In this way, whi le t reated LC-enriched sus-
pensionti presented all ce ll nuclei stained with the Feulgen technique, 
only the keratinocytes showed blue cytoplasmic labeling for kerat in 
and could be eas ily excluded from analysis. 
The DNA contents of individual nuclei were subsequently measured 
by microdensitometry using a Quantimet 720 D image analyzer [19] . 
With this apparatus, doublets could be excluded by direct microscopic 
obse rvation. 
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FACS LC S eparation and DNA Distribution A nalysis 
FCM was performed with a F'ACS IV apparatus (Becton Dickinson, 
Sunnyvale, California) using the blue wavelength 488 nm at 200 m W 
power of an argon ion laser. The opt ical fil te rs included LP-520 and 
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colored glass fil ters for green fl uorescence of FITC, as well as the long 
pass (LP)-640 filter for red flu orescence of (PI) or ethidium bromide. 
In double staining (FITC/PI) the total fluorescence Signal was sepa-
rated with a beam splitte r and a short pass (SP)-540 optical fil te r was 
added in the green flu orescence channel. All fil te rs were obtained from 
Dit ric Optics, Inc. (Marlboro, Massachusetts). The 80-l'm nozzle was 
used and the sample pressure was adjusted to a fl ow rate of 1500- 2500 
cell s/s. 
RESULTS 
S uspens ions of EC were t reated wi t h OKT -6 MCA~ followed 
b y FJTC-conjugated goat a nt imouse IgG for LC stammg and 
t h e n subjected to FACS a nalysis and sor t ing. 
The EC suspension analysis showed 2.03 ± 0.6% of OKT-
6( + ) cells . They were separated wit h FACS and collected in 
p lastic tube . The posit ives represented 70- 90% of FACS-
so r ted cells as studied by immunofluorescence and electron 
mic roscopy. These highly LC-enriched suspensions were then 
processed for DNA sta ining and reanalyzed by FACS .. Th.e 
DNA content of each nucleus was measured and DNA dtstn -
b u t ion for each sample (5 x 10'' cells) recorded. 
In each case the original EC suspension was stained for 
DNA content a~d analyzed under conditions otherwise ident i-
cal to correspondin g LC-enriched suspensions. . 
Estimation of t he proport ion of ce ll s wi t hin t he van ous DNA 
co mpa rt ments (planimetric analysis of histograms) showed 3.31 
+ 1.2% and 3.36 ± 1.0% of cells in G2/ M phases and 3.95 ± l.o% a nd 3.73 ± 0.9% in S phase, respectively, in original EC 
a nd LC-enriched suspensions (3 experiments). 
S ince LC-enriched suspensions still contained 10-30% con-
taminating keratinocytes which a re kn own to be cyclmg .cells, 
t h e values obta ined for LC are overestimated. Assummg a 
m axima l contamination of30% the mean va lues for LC S phase 
would be 2.53% and for GjM phase 2.36%. . 
Thus, t he values obtained for ce ll cycle phases in LC-ennched 
s u sp ensions cannot be tota lly att ributed to keratmocyte con-
tamination, suggesting that at least some LC we:e cycling. 
In the second approach, a techn ique a llowmg correlated 
a n a lysis of ce llula r DNA and membrane ant igen was performed. 
Thus, EC suspens ions with OKT-6-FITC labeled LC w~re 
eth a nol fi xed, t hen t reated wi th RN ase and PI fo r DNA stam-
ing. The simul ta neous FACS analysis of FITC and PI flu ores-
cen ces gave t he DNA distribut ion of LC defin ed by their cell 
surface ant ige n (Fig 1 A,B ). 
The pla nimetri c analys is of hi stogra ms showed 2.3 ± 1.0% 
a nd 5.1 ± 1.0% of LC and 2.46 ± 0.8% and 4.51 ± 1.2% of 
ke r atinocytes in th e S and G2/M phases, respectively. The 
incr eased number of both keratinocytes and LC in GJrv~ frac-
tion s could be expla ined by the presence of doublets 111 EC 
s usp ens ions which often appear after ethanol fixa t.i ~n . 
Indeed, microscopic examination of sorted cells after smear-
ing o n glass s lides revealed as ma ny as 50± 10% doublets, both 
in OKT-6(+ ) and OKT-6(-) G2/ M populatiOns. 
F I G 1. Flow cytometric DNA meas-
urement on OKT-6( +) LC. A, 
Computer-drawn, three-dimensional 
histogram representing OKT-6-FITC 
flu orescence vs propidium iodide (PI ) 
fl uorescence (DNA content). The verti-
cal ax is represents the number of cells. 
B Computer-drawn DNA frequency dis-
t r,ibu t ion of OKT -6(+) cells. 5 X 10' 
OKT -6(+) cells were analyzed us ing 
FACS. Their DNA content was recorded 
as a histogram and printed in digita l 
fo rm. The first and major peak consisted 
of dip loid (2C) G, cells, the second and 
much smaller peak oftet.raploid (4C) G2/ 
M ce lls. T he ce ll s between the two peaks 
a re cells with S phase DN A content. The 
proportions of cells wi th G, S, and G,/ 
M p hase (DN A content) were calculated 
using planimetric procedure. 
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Finally, to eliminate the two pitfa lls of keratinocyte contam-
ination and doublets, a t hird approach was used. 
Microdensitometric analysis of 1686 keratinocytes and 4402 
LC showed 2.9 ± 0.5% and 1.4 ± 0.4% of keratinocytes and 
2.66 ± 0.5% and 1.4 ± 0.4 % of LC in the S and G2/M phases, 
respectively (Fig 2A ,B) . 
DISCUSSION 
Since present knowledge on the kinetics of t he LC population 
is only fragmentary (20], studies were underta ken to evaluate 
those kinetics in normal human epidermis. For this purpose 
human LC have been labeled wit h t he highly specific marker 
OKT-6 MCAB and analyzed eit her by FCM or by absorption 
microdensitometry for their DNA content . 
Flow cytometry LC-DNA measurement (fi rst and second 
group of experiments) already strongly suggested the presence 
of cycling LC (in t he Sand G2/ M phases), but it was uncertain 
to what extent t he contaminating keratinocytes and fo rmation 
of doublets influenced our resul ts. 
Finall y, a t hird group of experiments defini te ly confirmed 
the presence of cycling LC. Thus, FACS-sorted LC-enriched 
suspensions were stained using the Feulgen technique and t he 
contaminating keratinocytes coun terl abeled with ant ikeratin 
serum, a llowing us to eliminate t hem from DNA measurements. 
On t he other hand, the possibility of contamination of LC-
enriched suspensions wi th keratin -free melanocytes or Merkel 
cells (less t han 1% of original EC suspensions) is negligible. 
In previous studies, (3H] thymidine incorporation into the 
nuclei of epidermal LC has been observed but labeling indices 
of LC were very low [21,22]. However, t he proli ferative activity 
of LC has been shown to be significantly stimulated both by 
stripping and by DNCB application [23]. Mackenzie (24] also 
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measured by absorption microdensitometry. 
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showed that in normal epidermis, cells stained for ATPase were 
a lso heavily labeled with s ilver grain s in autoradiographs. More-
over, these cell s were usually found in pairs, which suggested 
t hat the uptake of label and divis ion had occurred in s itu. 
Furthermore, LC in mitosis have been observed by either phase 
contrast [25 ] or e lectron microscopy [26] . 
Recently, Katz et a l [1 2] showed t hat LC originate from a 
mobile pool of bone marrow-derived precursor cells and sug-
gested t hat LC are not a stable resident p opulat ion of t he 
epidermis but migrate into the sk in where they are con t inuously 
being replaced at a n as yet unknown rate. Independently, 
Frelin ger et a l [13], using a s imilar experimental model (x-
irradiated bone marrow-reconstituted chimeric mice) , demon-
strated that epidermal Ia molecules normally expressed by LC 
were syn t hesized by bone marrow-de rived donor cells. Both 
stud ies clearly show t he repopulation of mouse epidermis by 
LC of bone marrow origi n in t he ir experimental condit ions. 
· However, LC kinetics within the epidermis under physiologic 
cond itions cannot be elucidated on the basis of these findings. 
The presence of LC or t heir precursors crossing e it her t he 
dermal-epidermal ju nction or into the de rmis h ave been ex-
plained by their migration into t he epidermis [27]. Neverthe-
less, the inverse direction - from t he ep idermis to t he dermis 
and adjacent lymph nodes- h as a lso to be considered [28]. 
Moreover, no circu lati ng LC precursors have yet to be demon-
strated (29]. Additionally, recent studies of Krueger et a l [30] 
a nd our own findings [31] concerning LC behavior in human 
skin gra fts into nude mice strongly suggest LC division. In 
these studies, dendritic, both OKT-6(+) and HLA-DR(+) LC 
(90 % of the o riginal number) were present in the nude mice 
grafted with human skin during a ll periods studied-9 and 24 
weeks in Krueger et al's and our studies, respectively. The 
presence of OKT-6 and HLA-DR membrane markers proved 
t hat they were of human origin and t heir long persistency in 
the grafts, where no c irculatin g human LC precursors were 
present, strongly suggested their self- replicating potential. 
In our present study us ing FCM a nd measuring DNA distri -
bution in great numbers of specifically labeled LC, we were 
ab le to show 1.0- 2.5% of these cells with tetraploid DNA values 
and 1.3- 3.3% in S phase in normal human epidermis. 
The presence of LC in Gz/M phase does not exclude t he 
possibi lity t hat these cells are resting (i.e., noncycling) cells in 
t he epidermis, because, at least theoretically, LC could be 
arrested in G2/ M phase in t he bone marrow and then migrate 
to t he ski n . However, in a ll 3 of our experimental approaches, 
LC have been observed inS phase, confirming t hat t hey active ly 
cycle in the epidermis. 
The values of S a nd G 2/M phases observed in LC populations 
compare with t hose found 'f\H keratinocytes in which S phase 
was of the order of 2.5-3.9% and G2/M p hase of 1.4-3.3 % in 
ours or by other reported stud ies [32- 33]. 
In conclusion , our resul ts obtained with in vitro separated 
LC indicate that LC can be found in t he various cell cycle 
phases and suggest that they are able to p roli ferate in situ in 
normal human epiderm is. 
It should be mentioned in closing that t he above observation s 
are not incompatible with the fact that LC migrate from t he 
bone marrow under certain circumstances such as bone marrow 
reconstitution of leth a lly irradiated subjects. 
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